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1-0 INTRODUCTION 
With t h e  advent o f  today's powerfu l  and inexpensive 
microprocessors, t h e  concept o f  d i s t r i b u t e d  processing i s  p r o l i f e r a t i n g  
i n t o  t h e  design and operat ion o f  complex communication and t r a c k i n g  
systems. Th is  w i l l  be showcased prominant ly  i n  t h e  design and opera t ion  
o f  t h e  augmented TDRSS and t h e  succeeding TDAS i n  t h e  1990's. The 
Autonomous I n t e g r a t e d  Receive System (AIRS) i s  a  f i r s t  s tep i n  t h i s  
d i  r e c t i o n  i n  terms o f  tapping and demonstrat ing t h i s  d i s t r i b u t e d  
processing power f o r  t h e  operat ion o f  t h e  S-band S ing le  Access (SSA) 
r e t u r n  l i n k  i n  t h e  White Sands ground te rmina l .  
The purpose o f  t h e  AIRS study i s  t o  develop a  rece ive  system 
capable o f  (a )  autonomous operat ion and (b)  i n t e g r a t e d  operat ion.  By 
autonomous opera t i on  i t  i s  meant here t h e  c a p a b i l i t y  o f  s e l f  
con f igu ra t i on ,  r e a l  - t ime operat ion, and se l  f d i  agnost ic.  Sel f 
c o n f i g u r a t i o n  a l lows t h e  AIRS t o  reduce i t s  re1 iance on a  remote 
execut ive  computer (e.g., t he  Automated Data Processor Equipment (ADPE) 
a t  White Sands). Real -t ime opera t ion  a l lows t h e  AIRS t o  reac t  
spontaneously t o  changes i n  t h e  l i n k  cond i t i ons ,  and together  w i t h  t h e  
s e l f  c o n f i g u r a t i o n  c a p a b i l i t y ,  t o  r e c o n f i  gure i t s e l f  t o  reac t  t o  these 
changes. ~ e i f  d iagnos t i c  minimizes t h e  p o s s i b i l i t y  o f  us ing  a  
ma l func t i on ing  AIRS t o  support a  user mission. O f  course, s e l f  
d iagnos t i c  a1 so simp1 i f i e s  the  maintenance and t roub le -shoo t i  ng 
procedures. By i n t e g r a t e d  opera t ion  i t  i s  meant here t h a t  t h e  tasks  o f  
Doppler c o r r e c t i o n ,  demodulation, de tec t ion ,  and decoding are performed 
i n  an i n t e g r a t e d  manner where use fu l  i n f o r m a t i o n  are shared and used by 
ALL p o r t i o n s  of AIRS performing these tasks.  
Th is  study cons is t s  o f  two phases performed over a  pe r iod  o f  two 
years. The f i r s t  phase o f  t h i s  study was char tered t o  d e f i n e  t h e  
func t i ona l  requirements o f  AIRS, t o  de f ine  t h e  t e s t i n g  requ i red  t o  
demonstrate i t s  performance, t o  prov ide  an assessment o f  t h e  technology 
and cost  i n v o l v e d  i n  such an undertaking, and t o  prepare a  s p e c i f i c a t i o n  
based on t h e  above f ind ings .  Dur ing phase two, a  computer s imu la t i on  
model was developed t o  emulate t h e  AIRS'S hardware and sof tware 
a lgor i thms,  and t h e  s imula t ion  was used t o  p r e d i c t  AIRS performance. 
The emerging TDAS requirements and techniques t o  enhance t h e  AIRS 
capabi 1  i ti es were a1 so incorporated i n t o  t h e  AIRS base1 i ne d u r i  ng t h i s  
p e r i  ode 
The r e s u l t s  o f  t h i s  study have shown t h a t  t h e  AIRS i s  indeed 
capable o f  p r o v i d i n g  v a s t l y  super io r  performance and opera t iona l  
advantages compared t o  t h a t  o f  t h e  cu r ren t  equipment. The AIRS can be 
b u i l t  w i t h  today ' s  technology, w i t h  v i r t u a l l y  no r i s k ,  and a t  a  cos t  
compe t i t i ve  w i t h  conventional designs. Moreover, t h e  AIRS i s  more cos t  
e f f e c t i v e  over  t h e  long run, s ince t h e  requirements f o r  maintenance and 
operator  a t t e n t i o n  w i  11 be minimized du r ing  t h e  opera t iona l  phase. 
2.0 AIRS Operat ion 
The AIRS can be operated e i t h e r  by a  remote execut ive  computer o r  
by a  l o c a l  c o n t r o l l e r .  The AIRS a l so  accepts commands from an operator  
console i n  bo th  cases. There are  t h r e e  modes o f  operat ions:  normal 
mode (NM) , f l e x i b l e  data format mode (FDM) , and t e s t  mode (TM) . The 
AIRS operates autonomously f o r  t h e  f i r s t  two modes. The t e s t  mode 
operates under operator  con t ro l .  
2.1 Norma1 Mode 
The normal mode w i l l  probably be used most f requen t l y .  I n  t h i s  
mode t h e  AIRS accepts t h e  setup commands from t h e  ADPE d e f i n i n g  the  user 
c h a r a c t e r i s t i c s  and t h e  Doppler c o r r e c t i o n  updates t o  be used d u r i n g  t h e  
i n i t i a l  a c q u i s i t i o n .  The AIRS then takes over. It se lec ts  a  
conf igura t ion  best  s u i t e d  f o r  t h e  user  c h a r a c t e r i s t i c s  and proceeds t o  
acquire t h e  s i g n a l  . A f t e r  t h e  s igna l  has been acquired, t h e  AIRS uses 
t h e  recovered c a r r i e r  t o  est imate t h e  incoming s igna l  Doppler. The 
est imate i s  then used t o  update i t s  Doppler c o r r e c t o r  t o  compensate f o r  
t h e  s igna l  Doppler. From t h i s  p o i n t  on, t h e  AIRS performs i t s  own 
Doppler compensation u n t i l  t h e  miss ion  i s  over o r  u n t i l  t h e  s i g n a l  i s  
l o s t  and cannot be reacquired w i thou t  ex terna l  a ids.  
Once t h e  s i g n a l  has been acquired, t h e  AIRS i s  capable o f  stand- 
alone opera t i on  w i thou t  any f u r t h e r  i n t e r v e n t i o n  from t h e  ADPE. I f  t h e  
s ignal  i s  l o s t  d u r i n g  t h i s  t ime, t h e  AIRS w i l l  t r y  t o  reacqu i re  t h e  
s ignal .  It does so i n  an i n t e l l  i gent manner by making use o f  a1 1  t h e  
in format ion  known about the  s igna l  r i g h t  before t h e  s igna l  dropout t o  
reduce t h e  u n c e r t a i n t y  region t o  be searched f o r  r e a c q u i s i t i o n .  Th is  
reduces t h e  r e a c q u i s i t i o n  t ime s i g n i f i c a n t l y .  I f  t h e  r e a c q u i s i t i o n  i s  
no t  successful  w i t h i n  a  predetermined t ime i n t e r v a l ,  t h e  AIRS w i l l  
n o t i f y  t h e  ADPE and then wa i t  f o r  a  new a c q u i s i t i o n  command. The t ime  
i n t e r v a l  i s  determined by the  s p e c i f i e d  user Doppler c h a r a c t e r i s t i c s  and 
i s  equal t o  t h e  t ime  from s ignal  dropout such t h a t  t h e  r e a c q u i s i t i o n  
uncer ta in ty  range becomes greater  than o r  equal t o  t h e  i n i t i a l  
a c q u i s i t i o n  range. 
The AIRS moni to rs  i t s  opera t iona l  s t a t u s  cont inuous ly  and t h i s  
i n fo rma t ion  i s  made a v a i l a b l e  t o  t h e  ADPE, The mon i to r i ng  data  i s  a l s o  
made avai 1  ab le  t o  a  l o c a l  c o n t r o l l e r  as w e l l  as f o r  being d i sp layed  on a 
moni to r ing  console throughout a  mission, 
The user da ta  c h a r a c t e r i s t i c s  a re  assumed t o  be unchanged i n  t h e  
normal mode. The AIRS makes use o f  t h i s  i n f o r m a t i o n  and conf igures  t h e  
c a r r i e r  recovery and b i t  synchronizer t o  a t t a i n  t h e  best  performance 
achievable. Th is  invo lves  t h e  use o f  data-aided loop which means t h a t  
t h e  c a r r i e r  loop and b i t  sync must be coupled. 
2.2 F l e x i b l e  Data Format Mode 
The f l e x i b l e  data format mode i s  very  s i m i l a r  t o  t h e  normal mode i n  
terms o f  i t s  opera t iona l  procedures. The main d i f f e r e n c e  i s  i n  t h e  
implementation o f  t h e  c a r r i e r  loop and b i t  sync which are  decoupled from 
each o ther  f o r  t h e  f o l l o w i n g  reason. Some user t ransmissions cons is t  of 
s igna ls  from d i f f e r e n t  payloads. The data  formats and data  ra tes  may 
vary several t imes dur ing  a pass. I n  t h e  f l e x i b l e  data format mode, t h e  
AIRS a n t i c i p a t e s  these changes and i s  designed t o  main ta in  PN and 
c a r r i e r  l o c k  independent o f  t h e  s t a t u s  o f  t h e  b i t  sync and t h e  
decoder. Th is  requ i res  t h e  c a r r i e r  l oop  and b i t  sync t o  be decoupled. 
I 
The c a r r i e r  t r a c k i n g  performance i s  s l i g h t l y  worse than t h a t  o f  t h e  
normal mode. I n  t h i s  mode, t h e  AIRS setup commands have t o  i n c l u d e  t h e  
a n t i c i p a t e d  t imes o f  data format sw i t ch ing  o r  t h e  ADPE have t o  i n f o r m  
AIRS about these occurrences through i n t e r r u p t  commands i n  real - t ime.  
2.3 Test Mode 
The AIRS can be conf igured manual ly f o r  t h e  purpose o f  t e s t i n g  o r  
experimentat ion. Under t h i s  mode t h e  AIRS i s  a  general purpose 
receiver .  Th is  mode al lows an easy way t o  t r y  ou t  enhancements and 
mod i f i ca t i ons  should t h e  need ar ises.  I n  emergency s i t u a t i o n s ,  t h e  t e s t  
mode can be used t o  t a i l o r  t h e  AIRS c o n f i g u r a t i o n  t o  accomodate users 
exper iencing d i f f i c u l t i e s  i n  conforming t o  t h e  TDRSS user ' s  cons t ra in ts .  
3.0 SELF DIAGNOSTIC 
The AIRS i s  a  d ig i ta l /so f tware-based rece iver .  A  p iece o f  sof tware 
i s  usua l l y  t r o u b l e  f r e e  once i t  has been debugged, The d i g i t a l  hardware 
employed by t h e  AIRS i s  h i g h l y  modular i n  s t r u c t u r e  and lends i t s e l f  t o  
simple t e s t i n g  procedures. A  se t  o f  b u i l t - i n  t e s t s  are i nc luded  i n  t h e  
software t o  exe rc i  se d i f f e r e n t  p o r t i  ons o f  t he  rece iver ,  The r e c e i  ver  
e l e c t r o n i c s  can be t e s t e d  by i n j e c t i n g  a  t e s t  s igna l  i n t o  t h e  AIRS i n p u t  
and mon i to r i ng  t h e  s igna l  qua1 i t y  a t  var ious in termedia te  po in ts .  The 
p a r t i c u l a r  t e s t  where a  f a i l u r e  occurs can be used t o  l o c a t e  t h e  problem 
f o r  f a u l t  i s o l a t i o n .  
The s e l f - t e s t  i s  a  standard power-up procedure. Upon a  system 
anamoly d u r i n g  operat ion,  t h e  AIRS w i l l  aso per form'a  s e l f - t e s t  t o  
v e r i f y  t h a t  t h e  anamoly i s  no t  caused by i t s  own f a i l u r e .  
4.0 MAINTENANCE 
The hardware/software-based imp1 ementation a1 so requ i  res  low 
maintenance. Software i s  v i r t u a l l y  maintenance f ree .  The use o f  
d i g i t a l  hardware minimizes t h e  need f o r  p e r i o d i c  c a l  i bra t ions .  I n  
add i t i on  t h e  cos t  of d u p l i c a t i n g  d i g i t a l  hardware i s  very l i t t l e  and t h e  
cos t  o f  d u p l i c a t i n g  software i s  almost nonexistent.  Therefore, enough 
redundancy can be b u i l t  i n t o  t h e  AIRS so t h a t  t h e  MTBF can be made very 
long and t h e  need f o r  maintenance can be v i r t u a l l y  e l iminated.  
From t i m e  t o  t ime  new requirements w i l l  a r i s e  t h a t  warrant  changes 
i n  opera t ion  procedures and t h e  r e c e i v e r  c h a r a c t e r i s t i c s .  These 
mod i f i ca t i ons  can be accomodated by merely changing the.AIRS software. 
This i s  much l e s s  expensive than modi fy ing  a  convent ional  rece ive  
system. 
5.0 AIRS SYSTEM ARCHITECTURE 
The AIRS can be d i v ided  i n t o  t h r e e  d i s t i n c t  subsystems: (a )  PN 
subsystem, (b) demodulator subsystem and (c )  sof tware c o n t r o l  
I 
subsystem. The PN subsystem uses charge-coupled device (CCD) PN matched 
f i l t e r s  t o  improve a c q u i s i t i o n  a t  low data rates,  It uses a f o u r  
channel sequent ia l  search t o  acqu i re  a t  h igher  data rates. And i t  uses 
a double tau -d i the red  loop f o r  t rack ing .  The CCD implementat ion i s  
i n h e r e n t l y  d i g i t a l  i n  nature. The s i g n a l  i s  sampled a t  t h e  envelope 
detector  ou tput  f o r  sequenti a1 a c q u i s i t i o n  and t r a c k i n g  processing. 
From t h a t  p o i n t  on, t h e  PN subsystem i s  implemented i n  software. 
The demodulator i s  h igh l y  modular. Two i d e n t i c a l  channels are used 
and each cons is t s  of an analog-to-di g i  a1 (AID) conversion subsystem and 
a d i g i t a l  s i g n a l  processing (DSP) subsystem. The purpose o f  t h e  DSP 
subsystem i s  t o  perform high speed d i g i t a l  processing on t h e  AID samples 
so t h a t  t h e  r e s u l t a n t  output samples are  output  a t  a r a t e  compatible 
w i t h  the  slower processing speed o f  t h e  software. The sof tware 
completes t h e  var ious  t rack ing  1 oops f o r  demodul a t i  on purposes. 
A? 
The sof tware  res ides i n  t h e  AIRS processor and c o n t r o l s  t h e  var ious  
func t ions  such as sequencing o f  a c q u i s i t i o n ,  reacqu is i t i on ,  r e c e i v e r  
con f igu ra t i on ,  parameter select ion,  and i n t e r f a c i n g  w i t h  t h e  ex te rna l  
world. 
6.0 PERFORMANCE 
The key performance c h a r a c t e r i s t i c s  o f  t h e  AIRS based on t h e  AIRS 
s imula t ion  a re  summarized i n  Table I. The performance requ i  rements are  
given f o r  t h e  worst case s i g n a l - t o - n o i s e - r a t i o s ,  user dynamics, and data  
c h a r a c t e r i s t i c s  combi nations. The performance w i  11 be improved fo r  a1 1 
o ther  combinations. The most s t r i k i n g  area o f  performance improvement 
over t h e  c u r r e n t  TDRSS equipment i s  a twen ty - fo ld  decrease o f  
a c q u i s i t i o n  time. The AIRS a l so  prov ides  (a)  r e l i e f s  f rom c u r r e n t  TDRSS 
system waivers on 1:Q power r a t i o s  and data modulat ion formats, (b) 
Table I, AIRS Key Performance Characteristics, 
PARAMETER 
ACQUISITION PROBABILITY 
ACQUISITION TIME (TOTAL) 
e PN 
e CARRIER FREQUENCY (FLL) 
e CARRIER PHASE (PLL) 
REACQU I S IT1 ON TIME (TOTAL) 
e CARRIER FREQUENCY (FLL) 
e CARRIER PHASE (PLL) 
5.- 
PHASE JITTER 
e C/NO > 28 dB-Hz 
CYCLE SLIP 
e C / N ~  > 33 dB-Hz 
C/NO > 28 dB-HZ 
BIT ERROR RATE 
PN CODE TRACKING 
CODE JITTER 
PERFORMANCE REQUIREMENT 
> 90% 
< 3 sec 
< 2 sec 
< 0.8 sec 
< 0.2 SEC 
< 2 sec 
c 1 sec 
< 0.8 sec 
< 0.2 sec 
> 90 mi n 
> 1 min 
2.5 dB from theory 
( 2 %  
re1 axa t ion  o f  some S-805 const ra in ts ,  ( c )  a d d i t i o n a l  capabi 1  i t y  f o r  I-Q 
channel ambigui ty  reso l  u t i  on, and (d) accomodati on f o r  imp1 ementi ng RFI 
m i t i g a t i o n  schemes, De ta i l ed  d iscussions on these c a p a b i l i t i e s  can be 
found i n  Vol, I 1  o f  t h e  F ina l  Report. 
7.0 RECOMMENDED FUTURE WORK AREAS 
Aside from t h e  pro to type a c t i v i t y ,  t h e r e  are  two areas t h a t  warrant 
f u t u r e  e f f o r t s .  The f i r s t  area i s  r e l a t e d  t o  t h e  s imu la t i on  software. 
Since t h e  AIRS concept and a r c h i t e c t u r e  can be a p p l i e d  equa l l y  we l l  t o  
o the r  NASA rece ive r  developments, i t  i s  wor thwhi le  t o  expand t h e  
c a p a b i l i t y  o f  t h e  sof tware and make i t  more access ib le  t o  o ther  users. 
I n  order  t o  accomplish t h i s ,  t h e  s imu la t i on  packages w i l l  r equ i re  b e t t e r  
documentation and perhaps a  t u t o r i a l .  I n  add i t i on ,  i t  w i l l  need a  more 
s o p h i s t i c a t e d  user i n t e r f a c e  so t h a t  i t can be used by l e s s  experienced 
personnel. Natura l ly ,  t h e  sof tware must be updated from t ime t o  t ime  t o  
i nco rpo ra te  improvements as w e l l  as t o  handle o the r  modulat ion schemes. 
LinCom can a l so  provide system engineer ing support dur ing  t h e  
pro to type devel opment . This support would i n c l  ude review and eva lua t ion  
o f  t h e  vendor's design and progress. The s i m u l a t i o n  t o o l  w i l l  be used 
t o  t r a c k  t h e  vendor's design an4 ana lys i s  w i l l  be provided as needed. 
8.0 ORGANIZATION OF THE REPORT 
Aside from t h i s  execut ive summary, t h e  f i n a l  r e p o r t  f o r  AIRS 
cons is t s  o f  t h ree  more volumes. Volume 2 documents the.work performed 
d u r i n g  t h e  phase 1 study. The phase 2 s imu la t i on  work i s  documented i n  
Volume 3. Volume 4 i s  the  func t i ona l  s p e c i f i c a t i o n  f o r  AIRS. I n  
add i t ion ,  a  s imu la t i on  software package has been i n s t a l l e d  i n  t h e  
Goddard CLASS computer. 
